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1. (15 pts) The following problems involve thinkig abbut entropy and free energy.

a) Let the amounts of gases in two containers be na and ng; both are at pressure, p, and
temperature T. The chemical potential of gas A is p4 and that of B is pp.

Write down the total free energy of this system in terms of the chemical potentials. Write down
the chemical potentials in terms of the standard chemical potentials and the pressures. Remember
to check your units!

:GIA+C3&

1unmixgd
Spk; | = /q + N, /A
= Nalp% + RTNGY) +Ne (Mg +RTUNG,)
M\—W'—"

= gl °+RT.Qn~E-\‘*"4(/44*“T’e"F RENE

Imagine now that the partition between the two contaifiers 15 removed. Wr equatlon
for the new total free energy /_—_7 e M L
Qaiga = C" + C"e fw«m_s Mot

s,

latm

Y S R ] i prechin

AGI",,,“,,:) Cqmsud - C"mmué }5
= Rmdn (125)““ + RTAn (";\:3\ - Rrin ('f;,j RT&n (-&'-

l"" QT.QY\(P z“n P’ !“6 l\% dna -ly\ = (%
erte the equation 1n terms Tac 1 and determine the sign o Gm,,(lng "JM -«Lr\ 3
ided gac darer @ Ma= P"
{ U\émj i 9 satd 0, AQ)MM = = QT ﬂn (V\A\) (“6\5‘6

n-h'} __E\_/
A 2
x<17

4

2,,15_

g Write down the equation for AGpixing for this process. avcall abnn= Lax®
,

2.

5 f M = Y Sinee A i.s.,maabivc{a
Niar P | A(‘)mm%___iua,vﬁw,

Write the equation for AS pxing for the same system and what is the sign?
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2. (15 pts) It is well known that polypeptides can adopt an o-helical conformation in solution. It
is known that small changes in temperature can cause this structure to unfold in some cases. Of
interest to the structural biologist is what ‘proportion of chains in solutions are helical and which
are “denatured (coiled).” Each polypeptide has only two states: completely helical or completely
denatured.

a) In forming an o-helix, n-residues long the carboxy-group of one residue forms a hydrogen

bond with the amino-residue 4 residues up-stream of it.
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b) A researcher working on a particular helix-coil transition measures the following data.
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Calculate AG’ for this transition at 54.5 C. Estimate a value AH for the transition at this
(2{3'\'3 temperature.
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3. (15 pts) Cells need to maintain a difference (gradient) in chemical concentrations across their

membrane. To do this they use a number of different mechanisms including simple pores and
specific chemical transport proteins.

Imagine a particular (nonionic) species ‘maintains a ‘concentration of cl outside the cell and a
concentration of c2 inside the cell.

What is the expression for the free energy change for transporting this species from the outside to
6P‘|3 the inside of the cell?

total. Gle) = &° + RTAhcy Gle)= G+ RTInC.,
Linsid
26 = RTIS| o RT A -E—i“;—,-j—jj |
+6 post rf- Peyxfecl‘. 13 pomt tutal ¢‘-_f- s'ﬂn S wwong

or- extwa terwn

It is found for this species that the concentration outside the cell in 1 pM and the concentration

inside the cell 1 mM. Is this process spontaneous? (Explain based on the equation and common

Spts | sense eI _ 3) = post
T as = R ie = RT e ) = pue

No+ gsPow'l’ameow&,
+ S poiat % <Fov~ onvect with 60ool expla:'vta:h'on.
+ 1 powt owh 4'30 onb +he Frhst step Is wuitten,

What two things would we have to consider if the species were ionic in calculating the free

energ—y?
+ ZP’E 15‘[’ : Fou~ loric SPQ,Q'Q_&/ A # C . TLM«S K ac-h'w‘-iq
coefficient s I‘WlPovt‘f‘aVl‘(- 4o considew~
2vd JTonic s,oeel'es I's C'JAaan pavticule .
‘*‘Zp‘b Thus +tiere IS o electuical Po‘le»rh'al vah‘e,m‘?‘.

across e cell wmembrane (unot \}‘us'f chemce |
po‘l’?vn‘l'a\) Need to  comside~ E o~ V |




SID:

Name: Q

Discussion Section: inette, Peter, Richard, Stephen)

4. (15 pts) At the core of the electron transport chain that drives respiration is the electron
transfer potential of NADH or FADH, relative to that of oxygen.

(a) What is the difference between the biochemist’s and chemist’s standard state? Write down
the overall reaction for the reduction of oxygen by NADH. Calculate the standard free energy of
this reaction? Calculate the equilibrium constant? (Use the biochemist’s standard state for
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Bonus problem: 10 pts

Imagih; the following cell in which NADH is generated by a photosynthetic process in a small
organelle inside a cell. In turn, the NADH is used to reduce a protein in the organelle membrane
and then this protein supposedly reduces either NAD" or FAD" in the cytoplasm. Imagine that
this cell is illuminated such that the NADH/NAD" ratio in the organelle is maintained at 10:1.
With all else at equilibrium (and at 37 °C) what ratio of NADH/NAD" can be maintained in the
cytoplasm? What ratio of FADH,/FAD can be maintained in the cytoplasm? Show all how all
half reactions contribute.
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